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Abstract

We do not knov yet 1f superconductivity will
become usaful without refrigeratior. Now the
superconductors are go different from copper that
it 1s difficult to imagine replacing copper with
such a brittle material. Buperconductors conduct
dc wvith no loss, ac with gmall lossss, and micro-
waves in co-sxiasl lines with almost no loss and
vwith no dispersion from dc to the highest frequen-
cies. They will prcbably allow us to close the
gap between radin frequency and infra red optical
transmission. Clearly your industry should know
soma things about where superconductivity say lead
us and must consider vhether the greater risk is
to deveiop them or to let others try it. There are
nO easy ansewers yat.

Intreduction

Thare are nov mater‘als that become suporcon-
ducting at a criticsl Cemperature T of juet under
100 K (~173°C), which the pravious Speakor, P. M.
Hor, halpad to discover. This discovery just made
this year, 1is nov one of the most widely confirmad
diecoveries ever mada. At this tewparature, cool-
ing with liquid nitrogen or refrigerators is far
more economical than feor previously hnown supercon-
guctors. Nonethelass, except for rather high tech
davices, these nev nateriasle may not have great
iapact because cooling remains necessary. We con-
“i{nue to read in the popular press about T 's ana
high ss room temparature. It 18 fair to 8ay that
wost latoratories ha.s seen evidence of these high-
er tempevatures, which diseppear in hours or duys.
Eithar we will finé outr what rather wvnstable,
trace chewical compound in our samples is the room
tempariture superconductor or we will convince our-
selves that these are only indicatione of our dif-
ficulty iun making measurements on & ceramic. 1f
room temparature oupeiconduciivity ( actually it
is best to work at or balow 3/4 of T ) 1ia achieved,
the tachnology will go entar our dalfy lives aw to
genuinely change suciety.

To the wire and cable industry, the ecovrese of
action is not obvious. The research is moving at
a record pacs, but the refrigeration still required
limite widespread applications. It seoms clear
that the alectronice Industry will be uslag these
supsrconductors for yet another revolution. This

could fundsmentally alter the way information is
tranemitted. It seems appropriaste to mention that
after the transistor was invented, its use to re-
place vacuun tubes was considered a great break-
thrcugh. Wiat has since come from the transistor
was not forseen. We must nov dutermine, and fo
some extent bet our resources, on wvhether we are in
this situction sgain,

Materials

These superconducting compounde are mada of a
stoichiumetric mix of (1) an alksline carth, sn
barium, (2) a rare earth or mixture of them, say
yttrium, europium, gadolinium, and ()) copper that
is partially oxidized. These elements are not par-
ticularly expensive or hard to find, and they ars
not toxic or hasardous. This mix 1is usually ob-
tained by grinding together oxides and carbonaten
or by precipitating water soluble forma. This is
followed by one or more seaque:ces of grinding,
compacting, firing in air or oxygen at about $30°C,
and siov cooling. %his basic preparation can now
be performed by an overvhelming array of spacific
processes. It thus seems clear that different
applications will each uee the most optimal process.
All of this is necessary to make vhat will replace
copper in many applications and the neut speaker
will expand on this.

The renulting superconductor will break if
you drop it on a hard surface. Various cladding
procedures or use of fine fibers ( like optical
fibers ) can {mprove on this. But remember that
like the transistor, we may not need a direct
replacement for pleain old copper wire. For axample,
quite lilkely, cofls could be manufactured ae
wonolithic ceramics vhere firing ie the final step.

Overall the progress on producing these mate-
risle has proceeded at an wnprecedented rate be-
cause of the large number of workers arnund the
world., 1 will give a fewv examples of parceived
problems that are being solved In general, this
1o vhy 1 pregent no list of problems. The high
tomperatyre firing 1s a difficult production step,
and any semiconductnre that are to be married to
the superconductor would nou survive. Recently
Ball Communications Research has reported that
A treatmsnt in an oxygen plasms at room timpera-
rure can replace the firing. Although this cur-
rently takes many hours, it is an impresei{ve step



forward. It is difficult to make a connecrion be-
tween the superconductor and a conventional conduc-
tor. On the other hand a transforwer with a copper
primary and a superconducting secondary will work
fine 1f the bandwidth is adequate. Also the fabri-
cation of more componants [rom ceramics can elim-
inate this problen.

The biggest limitation on the present materi-
als that may be fundamental, that is not fixable,
is the current carrying capacity. If room temper-
ature superconductors are found it seems likely
that they will have this same limitation. Near
the T , currents roughly of the capacity of copper
wire destroy tho superconductivity. The older,
lower T wmaterials can easily carry a thousand
times the current that copper can. While higher
currents are being vigorously socught, it is impor-
tant to note that for communications, ihe present
ratings are wore than esdaguate.

Righ Frequency

If you set resistance equal to zero in your
transmission equationa, you find that dispersion
vanishes. If you make the gap narrov in a co-axial
line you find that a superconducting delay line can
be 20 times shorter. At high freauencies, the fact
that the present materials are superconducting
grains connected by poorer conductors is solved by
capacitive coupling. Superconducting switching
circuits have slways been much faster than semi-
conductors { and are orders of magnitude less sen-
sitive to radiation damage ). Shielding made of
superconductors works down to dc. The word band-
width can be forgotten.

Superconductors real'y are super for high fre-
quencies. There must Le emsll scale applications
vhere the refrigeration is worth the price. Prelin-
inary measuremeants by Los Alamos and the Univeisity
of Wuppertal in West Germany on materials in super-
conduccing cavities suggest that the higher T
superconductors are even laess losey than Lhe flow
common lower T materisls. VWe speculate that this
is because thefe are actually ‘ewer non-supercon-
ducting electrons present to cause residual losses.
This may also provide clues as to why the Tc'l are
00 liigh and as hov to make them higher.

Conclusion

Pecple who work (n the field of superconductiv-
ity cannot tell if the public is being overeold on
the promise of applications for the new supercon-
ductore. Indeed no one can see the futurs, but we
can feel the excitement of the potential of these
nev materisle. Turn your thinking loose on how tc
une theese new ppecifications.
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